Background: The Vesical Imaging-Reporting and Data System (VI-RADS) was created in 2018, and a 5-point VI-RADS scoring system was proposed to determine whether the muscularis of the bladder has been infiltrated by tumor tissues. Purpose: To verify the accuracy of the VI-RADS scoring system in predicting muscle-invasive bladder cancer and to explore its value in clinical application. Materials and methods: A total of 220 patients with bladder cancer who underwent multiparameter magnetic resonance imaging from January 2017 to June 2019 were selected. Then, two radiologists with equivalent qualifications gave their diagnoses of bladder tumors on T2-weighted imaging, diffusion-weighted imaging and dynamic contrast enhanced imaging. Meanwhile, the bladder tumor was also scored on the basis of the VI-RADS system; for multifocal tumors, the highest tumor load was selected for scoring. Furthermore, the final pathological results of the patients were unknown during the imaging diagnosis and scoring. Next, the VI-RADS score was compared with the pathological results after surgery, and the ability of the VI-RADS score to assess the degree of muscularis infiltration was finally analyzed. Results: A total of 220 patients were included in our study, including 194 males and 26 females. Among them, the pathological results were 113 cases of muscle-invasive bladder cancer and 107 cases of non-muscle-invasive bladder cancer. The results showed that there was a positive correlation between the pathological results and VI-RADS score (r = 0.821, P < 0.05). The area under the receiver operating characteristic curve of the VI-RADS score was 0.960 (95% CI: 0.937, 0.983). When the VI-RADS score was above 3, the sensitivity, specificity and accuracy of predicting muscle-invasive bladder cancer were 82.3, 95.3 and 88.64%, respectively. Conclusion: The VI-RADS scoring system has good diagnostic value in predicting the degree of tumor invasion and can be used to guide clinical decision-making and management.
Introduction
Bladder cancer ranks as the ninth most frequently diagnosed cancer worldwide [1] . It is estimated that the number of new cases of bladder cancer in the United States will reach approximately 80,470 in 2019, accounting for approximately 4.57% of all new cancers, and the number of deaths will account for 2.91% of all cancerrelated deaths [2] . Approximately 70% of initial bladder cancers are non-muscle-invasive bladder cancers (NMIBCs), including Ta, T1 and Tis [3] . Generally, the treatment of NMIBC is mainly transurethral resection of the bladder tumor (TURBT), supplemented by bladder perfusion chemotherapy or immunotherapy. For muscleinvasive bladder cancer (MIBC) and high-risk NMIBC, the treatment methods include radical cystectomy (RC), adjuvant/neoadjuvant chemotherapy, radiotherapy and immunotherapy, etc. [4, 5] The treatment decision in patients with bladder cancer is mainly determined on the basis of distinguishing NMIBC from MIBC, so it is important to accurately assess whether the muscularis is infiltrated (T-staging) before treatment. At present, the stage of bladder cancer is mainly determined by the combination of imaging (including CT, MRI, etc.) and pathological examination (tumor samples are obtained by diagnostic transurethral resection, and a biopsy is performed), but thus far, these methods are not completely accurate [6] [7] [8] [9] [10] , so we urgently need a more reliable tool to assess the clinical stage and guide clinical management.
The Vesical Imaging • Reporting and Data System (VI•RADS) was published in 2018, providing a new method to determine whether the muscularis of the bladder has been infiltrated by tumor tissues [11] . Based on multiparametric MRI, the system proposes a standardized reporting criterion for T2-weighted imaging (T2WI), diffusion-weighted imaging (DWI) and dynamic contrast enhanced (DCE) imaging sequences and establishes a 5-point VI-RADS scoring system. VI-RADS scores 1~5 are respectively defined as muscle invasion is highly unlikely, muscle invasion is unlikely to be present, the presence of muscle invasion is equivocal, muscle invasion is likely, and invasion of the muscle and beyond the bladder is very likely. Nevertheless, the scoring system has not been routinely used in clinical practice, and there are currently no large-scale confirmatory studies; consequently, our study aimed to verify the accuracy of the VI-RADS scoring system in predicting muscleinvasive bladder cancer and to investigate the clinical value of this tool.
Materials and methods

Patient population
This study was conducted by the radiology department and urology department of our hospital, and the study contents were approved by the hospital medical ethics committee. As this was a retrospective study, informed consent from patients was waived.
A total of 220 patients, including 194 males and 26 females aged 31~89 years, were enrolled in the urology department of the Second Affiliated Hospital of Kunming Medical University in China from January 2017 to June 2019. All patients were first diagnosed with bladder cancer and had received no previous treatment; they all underwent TURBT, RC or partial cystectomy within 2 weeks after receiving a multiparameter MRI examination. The postoperative specimens were examined pathologically. In addition, the surgical specimens from TURBT contained the muscularis of the bladder, and muscle infiltration was assessed pathologically. The inclusion criteria for this study were as follows: (1) Patients who were initially diagnosed with bladder cancer received no treatment or received only diagnostic transurethral resection. (2) The final pathological results were confirmed to indicate a malignant bladder tumor. (3) Surgery was performed within 2 weeks of the multiparameter MRI examination. The exclusion criteria were as follows: (1) a history of bladder cancer metastasis, recurrence, or other tumors; (2) failure to undergo surgery within a short time after examination; and (3) images that could not be accurately analyzed for reasons such as inadequate bladder filling and severe image artifacts.
Multiparameter MRI examination
The examination equipment used for the 220 patients was 3.0 T MRI, and a multichannel phased array external surface coil was used to collect images with a high spatial resolution and signal-to-noise ratio. Moreover, no cystoscopy or indwelling catheterization was performed in any patients within 2 to 3 days before examination, and intestinal preparation and bladder volume preparation were performed 4~6 h and 1~2 h before examination, respectively.
Each patient underwent an ultrasonic examination before MRI to ensure that the bladder volume was approximately 300 ml, and real-time MRI images were also used to determine adequate bladder filling. Scan areas included the following: bladder, proximal urethra, and pelvic lymph nodes; prostate (male); uterus, ovaries, fallopian tubes, and vagina (female). Finally, the key image sequences, including T2WI, DWI and DCE, were obtained in the transverse plane, coronal plane and sagittal plane, respectively.
Multiparameter MRI image sequence score and VI-RADS score
The optimal plane of each image sequence was selected for analysis and diagnosis, and bladder tumors on T2WI, DWI and DCE images were scored on a 5-point scale according to the scoring criteria in the references [11] ( Fig. 1 ). For multifocal tumors, we selected the one with the largest tumor load (the largest volume, the highest stage or the deepest depth of invasion) for the VI-RADS score. All imaging scores were completed independently by 2 radiologists with the same qualification (associate professors) at our hospital; when the results between the two readers were not consistent, the disagreement was resolved by consensus. It should be emphasized that the radiologists did not know the final pathological results of the patients when they scored the images.
Statistical analysis
Statistical analysis was performed using SPSS version 19. The samples were divided into a non-muscle invasive group and a muscle invasive group. A chi-square test was used to compare the frequency distribution of the VI-RADS score, T2WI score, DCE score and DWI score of patients in the two groups, and an independent sample T-test was used to compare the mean differences of the scores between the two groups. We then used a linear correlation analysis to describe the relationship between the pathological stage and each score. Finally, we used receiver operating characteristic (ROC) curve analysis and the area under the ROC curve (AUC) to assess the diagnostic performance of the VI-RADS score, and we also evaluated the predictive ability of the VI-RADS score for MIBC by calculating the sensitivity, specificity and accuracy. The gold standard for diagnosis was the pathological result of the tumor, and all tests were bilateral; p < 0.05 was considered statistically significant.
Results
A total of 220 patients were included in this study, including 194 males (88.18%) and 26 females (11.82%). The average age of the patients was 65.67 years (range: 31.0~89.0 years); for men, the average age was 65.23 years (range: 31.0~89.0 years); and for women, it was 68.96 years (range: 45.0~87.0 years). There were 113 cases (51.36%) and 107 cases (48.64%) in the muscle invasive group and non-muscle invasive group, respectively, and the final pathological results of 220 patients were as follows: Ta, 3 (2.80%); T1, 104 (97.20%); T2, 56 (49.56%); T3, 53 (46.90%); and T4, 4 (3.54%). Among all patients, TURBT, partial cystectomy and RC were performed in 56 cases (25.46%), 3 cases (1.36%) and 161 cases (73.18%), respectively.
Of the 220 patients, 25 patients (11.36%) were scored as VI-RADS 1, and all of them were divided into 0 groups. Sixty-one cases (27.73%) were classified as VI-RADS 2, including 58 cases (95.08%) in the non-muscle invasive group and 3 cases (4.92%) in the muscle invasive group. Thirty-six cases (16.36%) were classified as VI-RADS 3, including 19 cases (52.78%) in the nonmuscle invasive group and 17 cases (47.22%) in the muscle invasive group. Thirty-six cases (16.36%) were classified as VI-RADS 4, including 5 cases (13.89%) in the non-muscle invasive group and 31 cases (86.11%) in the muscle invasive group. In addition, 62 cases (28.18%) were scored as VI-RADS 5 and were categorized into the muscle invasive group. The image sequence scores, VI-RADS scores and specific stages of the patients are shown in Table 1 .
The mean VI-RADS scores for patients in the nonmuscle invasive group and muscle invasive group were 2.04 and 4.35, respectively, and the difference was statistically significant (t = − 21.284, P < 0.05). The distribution of the VI-RADS score was significantly different between the two groups (x 2 = 155.431, P < 0.05). The VI-RADS score of the non-muscle invasive group was mainly 13 , while that of the muscle invasive group was mainly 3 5; additionally, the proportion of muscle infiltration to non-muscle infiltration was similar in patients with a score of 3. The mean VI-RADS score of all 220 patients was 3.22, and there was a positive correlation between the pathological results and VI-RADS score (r = 0.821, P < 0.05) in that the higher the VI-RADS score was, the greater was the possibility of muscle infiltration. The pathological results were also positively correlated with T2WI, DWI and DCE image scores, and the Pearson correlation coefficients were 0.785, 0.822 and 0.818, respectively. In particular, the correlation coefficient of the DWI image scores was the highest and was higher than the VI-RADS score. Figure 2 and Table 2 respectively show the ROC curve and AUC of the VI-RADS score. The AUC of the VI-RADS score was 0.960 (95% CI 0.937, 0.983), while the AUC of the T2WI score, DCE score and DWI score were 0.941 (95% CI 0.913, 0.969), 0.959 (95% CI 0.936, 0.982) and 0.961 (95% CI 0.938, 0.983), respectively. As with the scores of each image sequence, the optimal critical value of the VI-RADS score for predicting muscleinvasive tumors was 3.5. The sensitivity and specificity of a VI-RADS score above 3.5 (that is, scores 4 and 5) for predicting muscle invasion were 82.3 and 95.3%, respectively, while the T2WI score was 77.0 and 97.2%, respectively, and the DCE score and DWI score were the same (81.4 and 95.3%, respectively). When the critical value was adjusted to 2.5, the sensitivity of the T2WI score, DCE score, DWI score and VI-RADS score was 97.3%, while the specificity was 62.6, 79.4, 77.6 and 77.6%, respectively. The sensitivity and specificity of each image sequence score and VI-RADS score under different critical values are shown in Table 3 .
Discussion
Accurate clinical staging not only can improve the clinical management of patients with bladder cancer but also can guide surgeons to devise the best surgical plan, and patients can also obtain a better prognosis [12, 13] . However, clinical staging is often difficult to accurately evaluate, which could lead to undertreatment or overtreatment. Multiparameter MRI has been proven to be highly accurate in assessing muscle invasion of bladder cancer [14] , but how to comprehensively evaluate each image sequence and formulate unified VI-RADS scoring rules was not proposed until 2018. We further evaluated the accuracy of the VI•RADS score from the perspective of imaging and surgery and explored the guiding value of the scoring system for clinical practice.
In our study, the VI-RADS score with a critical value of 3.5 had the best sensitivity (82.3%) and specificity (95.3%), which is similar to previous studies [15, 16] . This indicates that when the VI-RADS score is 4 or 5 points, MIBC can be assessed more reliably. The pathological results of all patients with a VI-RADS score of 1 were non-muscle infiltration, while cases with a VI-RADS score of 5 all involved muscle infiltration. The accuracy of assessing the degree of tumor muscle invasion was 100%, which provided strong reference evidence for Ta  T1  n  T2  T3  T4   T2WI   1  2 5  3 the choice of surgical methods. The difference was that non-muscle invasion and muscle invasion accounted for 52.78 and 47.22% of the tumors with VI-RADS 3, respectively, indicating that the degree of tumor invasion in this portion of the patients was difficult to assess and the surgeons thus needed to think more carefully about which surgical scheme to choose. In addition, nonmuscle invasion and muscle invasion accounted for 95.08 and 4.92% of the tumors with VI-RADS 2 scores and 13.89 and 86.11% of the tumors with VI-RADS 4 scores, respectively. The results may also show that VI-RADS scores of 2 and 4 still have high accuracy in assessing tumor muscle invasion, which can be of great help to surgeons in surgical decision-making. For instance, for a single tumor with a score of 2, even if the tumor is large or has a broad base, the surgeon still has the confidence to conduct TURBT directly. Nevertheless, we found that a single tumor with a score of VI-RADS 2 subjected to RC, and the pathological stage was eventually confirmed to be non-muscle infiltration (MRI images are shown in Fig. 3 ). We believe that there is overtreatment in these patients and that if clinicians use the VI-RADS score as a reference, they may develop a better and more reasonable surgical plan for patients. The diagnostic performance of each image sequence in our study was also compared. The best critical values of the T2WI score, DWI score and DCE score in assessing muscle invasive tumors were 3.5, but the sensitivity of T2WI was the worst (77.0%), while that of DCE and DWI was 81.4%. Furthermore, the areas under the ROC curve of the three image sequences were 0.941, 0.959 and 0.961, respectively, indicating that T2WI and DWI have the worst and optimal diagnostic performance, respectively, which is consistent with the previous research reports [17] ; DWI images have higher accuracy for T staging of bladder cancer, while there tends to be a higher incidence of excessive staging with T2WI and DCE [18, 19] . Therefore, as stated in the scoring rules [11] , our results support that the dominant sequence for risk estimates is as follows: DWI (first) and DCE (second; especially if the DWI is suboptimal), and if there is any discordance between T2WI and DCE, such as a deviation of two categories, it may be more representative to choose DWI as the main score, especially when the image quality of the DWI sequence is optimal [11] .
The pathological results are regarded as the gold standard to evaluate the accuracy of the VI-RADS score, but the accuracy of pathological results still needs to be considered. Whether there is muscle tissue in the specimen is very important for tumor staging, especially for tumors treated with TURBT, because the loss of muscle will lead to the T2 stage being mis-or underestimated as the Ta or T1 stage [20] . For tumors at the T1 stage after the first TURBT, up to 20% are modified .to the T2 stage after secondary TURBT, and even worse, fewer than 50% of the specimens in the first operation contain muscle tissue [21] , so it is not absolutely reliable to evaluate the accuracy of VI-RADS in patients who have undergone TURBT. Pathologists can intuitively assess the location and size of the tumors in the specimens after RC compared with the surgical specimens of TURBT, and the materials used to make pathological sections include the full layer of the bladder, so the assessment of tumor stage is more accurate. Therefore, it may be more reliable to evaluate the VI-RADS in the tumors treated with RC, which needs to be verified by more prospective studies in the future. It is possible that in the presence of multiple lesions, pathologists may omit tumors with higher pathological stages when making sections; therefore, we believe pathologists may reduce missed diagnoses if they refer to MRI images and results.
In our study, the image diagnosis and final VI-RADS score were completed by consensus among 2 radiologists to reduce the bias caused by human factors. In the scoring process, the plane with the clearest image and clear relationship between tumor and muscularis was selected. However, approximately one-third of new tumors arise from the trigone, bladder neck, and ureteral orifice region [22] . The imaging diagnosis of these sites is difficult, and there may be differences in scores on different planes. The optimal plane (the plane where the most accurate score can be obtained) is not easily determined, and the scoring rules are not detailed. Figure 4 shows the tumor image characteristics of these sites. Therefore, we put forward another hypothesis about the existing scoring rules. For tumors at different sites, we can obtain VI-RADS scores on the sagittal plane, coronal plane and transverse plane, respectively, according to the scoring rules, and then verify the accuracy of different VI-RADS scores to determine which plane is optimal. This may be a further complement to the scoring rules. However, further studies are needed to confirm its feasibility.
Our study had some limitations. First, because of its retrospective nature, there may be a strong selection bias. Second, the VI-RADS score was decided by 2 radiologists after reaching an agreement, but the consistency among the evaluators was not examined. Third, the best criterion for the VI-RADS score should be the pathological results of patients after RC, but some of the pathological results in our study come from TURBT, which may affect the accuracy of VI-RADS score. Finally, our study is a single-center study, and the research samples are still relatively small. All patients have the same conditions for MRI examination, and doctors in each department have a very similar work experience and technical level.
Conclusion
In conclusion, our study results suggest that the VI-RADS scoring system has good sensitivity, specificity and accuracy in assessing muscle invasion of bladder cancer. The VI-RADS scoring system can be used to guide the clinical management of patients. However, it should be noted that more careful consideration should be given to tumors with a VI-RADS score of 3, as well as tumors that occur in the bladder triangle, ureter orifice and around the bladder neck orifice. 
